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BESAVIOa OF AVIJLTIOK ENGIMES AT DIFgEHEHT AIR EENSITIES . * 

By 

0. Schivagez. 

At a oeeting of the Soientiflo Society for Aviation^ Haroli 
12, 1920, the question was brought up, as to what Infludnoe the 
low tengpexa^uzes and alx densities at hlg^ altitudes exert on 
engine power. The writer expressed the view that It would he 
offeoted only at very low temperatures > and this on aooount of 
the effect- on the oarburetlon. Hr. Eoenlg maintained that the 
engine would fill even better with a falling tesiperature and 
consteint density of the surrounding air slnoe the weight of the 
cylinder charge would be less affected by the preliminary heat- 
ing of the air. The latter vlewj however. Is erroneous for the 
following reasous: 

Aside from humidity, the density of the air d^ends on two 
factors: air pressure and temperature. The air density is rep- 
resented by the equation 7 = For example, if y is 0.6 
kg/ou.m. , it may result either from a high teniperature and a 
hi0i pressure or f ran: a low teniperature ajid a low pressure. 

Let t = 30^0 in one case and -30*^ In the other. The 
pressures for 7 =0.6 are then found: 
1. For t = +30° 

P = 7 R T = 0.6 39.36 (373 + 30) - 5330 kg/sq.o. 
3, For t = -30° 

P a 7 R T « 0.6 39.36 ( 375 - 30) = 4360 kg/sq.g. 

♦ From "Zeltsohrift ffir Flugteohnlk und Motorluftsohiffahrt," 
SSaxsilS. 51, 1930. 



If tb9 teoiperature of the air enterlns the caronreto:: is 
raised 30° by tbe preliminary heating, va then obtain for its 



density: 



1. 




3. 



7 = 



P 4630 



» 0.533 kg/ou*m« 



R T 39.36 (373 - 30 + 50} 



The above o.'Joulat'ions demonstrate that« xTith the s&ae densi- 
ty and lotrer tentperaturej like heating exerts a greater redaoing 
influence on the veight of a oylindar oharge them at a higher 
tea:3)erature. 

Beally this result iras to be anticipated j since like heating 
is relatively greater at low than at hig^ temperatures. In rerJL- 
ity, hoxrevsr, the heating is about the sajse. At very low outside 
testperatures, the orank oase is naturally colder than at highar 
outside temperatures, but still vlth a differenoe of 60° in the 
outside teqperature, the difference in the ten5)erature of the 
crank case mils tvill be somevhat less than 60°. For ezanplej 
let us assume a difference of 30° in the tecnperature of the crank 
oase ^lls. If 1th an outside tenperature of +30°, the temperature 
of the crank case iTalls is about 60° end rdth an outside teisperar- 
ture of -30° and the same loading of the engine, 60 - 30 « 40°, 
In the preliminary heating of the air, we acoordinsly have, at 
+30° outside temperature, a temperature rise of 60 - 30 = 30°, 
fiJid at -30° outside temperature we have a rise of 40 - (-30) *= 70"" 
The amount of the preliminary heating at a lower outside tempera- 



cnxe would aoooxdlngl? be greatsz^ rather tban smaller. 'xh& 
weight of a oylizidez oliarge is therefore acialler at low tempera- 
tvires than at hi^ tenrperatures, with the same density of the 
outside air. The differenoo however is so slight as to be prao- 
tioally negligible. 

The oarburetion is affected by great differences in tempera- 
ture, but even here any considerable influence .is only exerted by 
very low tenperaturesi as sihown by the following consideration. 

Even at -18° the air is saturated with the quantity of gas- 
oline required for good combustion. At -15° its degree of satur- 
ation is 63jit, when all the fuel possible lias been evaporated (Fig. 
l). ninth the cooling of the gasoline of about 30° from evapora- 
tion, a tec^ierature of +15° of the infl.owing air is sufficient 
for couplets oarburetion. Therefore an airerage preliminary heat'- 
ing of the air of 30 to 36° will produce oomplete oarburetion 
"Tith an outside temporature of -15 to -SO^. 

At still lower temperatures, the oarburetion will be no lon- 
ger oocplste, but the fuel will be partially held in the mixture 
in the form of a mist. . Aocordlng to the nature of this mist, 
ichethez coarse or fine, there is more or less danger of its sepa- 
ration in passing frcmi the carburetor to the oylindexs. High air 
velocity at the spraying nozzle and in the int6i:e pipes facilitate 
the formation and retention of a fine mist. The higher these ve- 
looities are, the smaller is the danger of separation and conse- 
quent effect on the combustion. In aviation engines, the air and 
gas velocities are relatively hi^ and the danger of s^aration 
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TTsry ansall, eo that orly very low tdiaperatures oan have ajjy oor- 
slderatle 5.Bfluenoe on tha oarbaretion. Some loprovement oan be 
of feoted. hoveirer by heating the intake pipes. Tlth oarefully ar- 
ranged gas pipes J however, Bvjob. heating of the pipes my be Qmit- 
ted without detriment to the funotioning of the engine. 

It oay be safely assumed that^ down to outside temperatures 
of -ZO^t the proper funotioning of the oarburetor will not be 
serlcuBly af feoted. Hp to altitudes of about 7000 meters j no 
ohango in -'jhe oarburetlon detrimental to the oombustlon nay be 

■ 

especbed from low temperatures and oonsequent separation of the 
mixture of fuel aaod air. The eff loienoy of the engine may be 
aff eoted however by ezoeptlonally low tetaperatures. In altitude 
reoord fllgihts precautionary measures most aooordlngly be adopted 
for the oarburetor, suoh as the preliminary heating of the inflow- 
ing air or the supplementary heating of the miztuxej possibly eren 
by the introduotion of eleotrlc heaters into the gEks olroulation. 
Suoh measures (on aocount of -^he diminution in. the weight of a 
oy Under dharge) will naturally reduce the engine ef f loienoy « 
whloh faot may however be disregarded, Then It beoomes a question 
of enabling the engine to function at all at ezoeptlonally low 
teaoperatures. 

Down to alz temperatures of about -^50^ and with the easploy- 
ment of high sltltude oarburetors Trhloh automatioally equalise 
the heat of the mixture with changing air density, the indicated , 
engine power % nust remaiin exactly proportional to the air 
density. The effective engine power N , on the contrary, will 
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deoxease more xapldly. ' 

The loss In engine power (or f rlotlon horsepower) ^ 
fifv- s Ni •- 1b the result , on the one Dasd, of the friction 
of the driving gear and, on the other hand, of the friobion in 
the cam gear^ the ignition^ the vater'« oil end fuel pisnp« oom - 
pressed air •pvsnp and any other auxiliary apparatus. The first 
ooDiponent depends on the load« henoe on the indicated engine pow- 
or and the air density, and is therefore relative. The other 
ooBiponent is almost Independent of the load and oonseQ,uently re~ 
mains uniform. The constant friction ooaiponent in good ablation 
engines may be assumed to ahsorh about lQ/f> of the indicated en- 
gine power 4 Trhile the oooponent proportional to the aJLr density 
absorbs about 3^ at maximum engine poner. 

The engine power in relation to the air density f or the 
relative air density |ji may be r^resented after a fashion on the 
basis of the engine power at 15°C and 760 mm. Eg. (Fig. S). 

Deviations from the curves thus obtained nay of course oc- 
cur, but they ejre of no practical importance. Greater deviations 
occur when carburetors without altitude regulation axe used and 
these deviations may be either xipward or downiTaxd. 

The effective engine power for hi^er air densities during 
a purt of the curve will lie above the theoretical powe^ for en- 
gines with high altitude carburetors, if the engine has been ad- 
justed on the ground for running most economically, that is. Trite 
a very "poor" combustible mixture. The mlxbure will then becoL'-.e 
richer as the air density diminishes and the engine rower -:7lll 



ooxttlme to rise above Its tlieoretioal veilue tint 11 the aiost favor- 
able ratio of fuel and air ■ Is re6hed. As the air density still 
further dimizxlshea, the fuel mlxmire hecomee too rloh and the er- 
glne power deoreeiseB until It falls below the theoretical power. 

I 

If the oarburetor has been adjusted to give the hl^eat power on 
the ground, then any Inorease In the fuel ratio will diminish the 
engine power with reference to the theoretloally possible, so 
that the power curves will fall below the theoretloal fxam the 
start. 

While the altitude power curve of an engine provided with an 

I 

antomatlo high altitude carburetor nay be 6xexm with sufficient 
accuracy 4 as explained above, for engines with ordinary carbure- 
tors the deviations from the theoretically possible powers can 
only be roughly estimated. The deviations could be nore accurate- 
ly determined, if the engine were driven on the ground with the 
fuel mixtures obtaining for the different air densities and the 
engine powers were determined ind^endently of the heat veJLues of 
the aixturea. In this manner, the real engine powers could be 
more closely determined. The carves found could be verified by 
subsequent counting of the r.p.m. in flight, with siamiltcneous 
determination of the air densities. Hereby the airplane would 
have to be driven at exactly the same speed at a.21 the d3.fferent 
air densities, in order to determine their influence on the revo- 
lution spaed. 

Such a method for determlnizig the altitude engine powers 
would al;7ays be conceivable even though sometrtiat roundabout. 



The vsusiius: ohfed&ber, free air tdsts emd dynamometer laib naturally 
give more aocuxate reaulta and axe to be pref erred« 

Translated by the National Advisory Committee toi Aeronaatl'^a. 




Humidity 
Ffg. 1. 



13C 




Fig. 2: 



